The catalogue of the epiphytic bryophyte flora of the Rif Mountains includes a total of 72 taxa, of which 66 are mosses and six are liverworts. Some new records are provided: Hypnum resupinatum and Tortula israelis, new to northern Africa, Antitrichia curtipendula and Cryphaea heteromalla, new to Morocco, and Dicranoweisia cirrata, Isothecium alopecuroides and Orthotrichum macrocephalum, new to the Rif Mountains. Epiphytic communities in the different forest types have been analysed, with the conclusion that altitude and humidity are the main factors that determine their composition. The epiphytic stratum is best developed at the highest altitudes on the Principal chain and Tazzeka Mountain, where taxa of the genus Orthotrichum dominate or co-dominate the epiphytic communities: O. lyellii and Antitrichia californica codominate in the montane zones, while O. speciosum var. brevisetum and Pterigynandrum filiforme co-dominate at the highest altitudes. In lower areas, the abundance of epiphytic bryophytes depends on humidity conditions and the presence of a forest canopy. The best preserved forests, where exposed to oceanic winds, are dominated by hygrophilous taxa, such as Neckera pumila, Cryphaea heteromalla and Frullania dilatata, whereas the dry ones are dominated by thermophilous taxa, such as Orthotrichum tenellum. Finally, ubiquitous species, such as Orthotrichum diaphanum and Bryum capillare, are abundant in disturbed forests.
INTRODUCTION
The Rif Mountains of Morocco extend from the Strait of Gibraltar in the west to the River Moulouya in the east, and have their southern limit in the Sebou basin (Fig. 1) . Tazzeka Mountain, which lies to the southeast of the River Sebou, is floristically closer to these mountains than to the Atlas range (Valdés et al., 2002) , and has also been included in the study area. Lithologically, the Rif Mountains are formed from a deposit of clay and schists at the tops and northern slopes and from clayey marls on the southern slopes. Additionally, calcareous materials appear to the north of Bab Taza city and on Tazzeka Mountain. The eastern region is formed from marl, slate, sandstone and acidic sedimentary rocks, and the Sebou basin is composed of sands (Boudy, 1948; Nègre, 1959) . The whole is subject to a Mediterranean climate softened by its proximity to the Atlantic Ocean. Most of the rainfall is provided by the contact of the humid Atlantic winds with the mountains. Thus, the central and western areas of the Rif range present the highest annual rainfall of Morocco, with 2168 mm on plant formations bound to certain edaphic and moisture conditions, like Prunus lusitanica L. groves or riparian vegetation (Charco, 1999) .
Despite the high interest of this rich area, its bryophyte flora is still little known (Ros, Cano & Guerra, 1999 This study aims to increase knowledge of its bryophytes, providing a catalogue of the epiphytic taxa and describing the communities that grow on tree trunks.
METHODOLOGY
Field work was carried out in 96 localities, visited between 1994 and 2002. Epiphytic bryophytes were found in 61 of these localities, whose geographical details are summarized in the Appendix. Samples of 20620 cm were taken both from the tree bases and trunks on all types of phorophytes in each locality. For a clearer understanding of epiphytic bryophyte ecology and distribution, the study area has been divided into four geographical zones (Ruiz de la Torre, 1957) : the Larache sector, the principal chain (including the Tingitane chain, the central Rif and the Al Hoceima sector), the Kert sector and Tazzeka Mountain (Fig. 3) . In these areas, localities have been aggregated in groups of similar forest types, as shown in Table 1 .
A list of the epiphytic bryophytes found in the study area is presented in alphabetical order in Table 2 . Nomenclature follows Ros, Cano & Guerra (1999) , with the exceptions of the genera Didymodon Hedw. (Jiménez, 2003) , Schistidium Bruch & Schimp. (Blom, 1996) , Orthotrichum Hedw. (Cortini & Lara, 2001 ), Syntrichia Brid. (Gallego, 2002) and Thamnobryum Nieuwl. (Stech, Ros & Werner, 2001 ). Author names follow the world checklist of Crosby et al. (1999) . Sites where the taxa were recorded are identified in Table 1 and the Appendix.
Taxon abundance has been estimated for each forest type using the Index of Ecological Significance (IES: Lara & Mazimpaka, 1998) . The values of this index have been combined in the following classes of abundance: very scarce (,50), scarce (51-100), moderately abundant (101-200), abundant (201-300) and dominant (.301). A correspondence analysis was used to explore bryofloristic relationships among the different forest types. The use of an indirect unimodal analysis like correspondence analysis is justified because no arch effect was observed and the length of the gradient for axis 1 was around 4 SD (ter Braak & Š milauer, 1998).
RESULTS

Flora
The epiphytic bryophyte flora of the Rif Mountains and Tazzeka is composed of 72 taxa, of which 66 are mosses and six are liverworts (Tables 2 & 3) . As usual in the Mediterranean habitats of epiphytes, the genus Orthotrichum is the most important, both in number of taxa and abundance (Table 3) . The most constant and abundant species in the epiphytic stratum of the Rif Table 3 . Taxa abundance (IES values) on tree base (bs) and trunk (tr) communities (symbols as in Table 1 ). The estimation of abundance on tree bases in some plant formations is qualitative, due to insufficient data (-, absent; VS, very scarce; S, scarce; MA, moderately abundant; A, abundant; D, dominant). Only taxa appearing in three or more localities have been included in the Epiphytic bryophytes are not homogeneously developed in the Rif Mountains: bryophytes mostly grow in montane forests of the central and western Rif, while they are scarce in the west at low altitudes and are absent in the easternmost part of the range. Thus, epiphytic communities were found in 73% of the localities visited in the Tingitane chain, where they had a mean cover of 60% in samples of 20620 cm 2 , 89% of the localities in the central Rif, also with 60% mean cover, and at 100% of localities on Tazzeka Mountain, with 70% mean cover. Conversely, only 29% of the localities visited in the Larache and Al Hoceima sectors had epiphytes, with a mean cover of the communities of 27% and 20%, respectively, and no bryophytes were found in this habitat in the Kert sector (Fig. 3 ). These differences are also reflected in taxon richness: 88% of the recorded bryophytes grew in the Tingitane chain, which also exhibited the largest number of exclusive taxa (15) , nearly 70% grew in the central Rif and 41% in Tazzeka Mountain (with four and two exclusive taxa respectively), while only 24% of the bryophytes grew in Larache (with no exclusive taxon) and 16% in Al Hoceima (one exclusive taxon).
Epiphytic bryophyte communities
The correspondence analysis ordinates the epiphytic communities of the study area as shown in Fig. 4 . The horizontal axis, which explains most of the variability, separates communities by altitude into two main groups: communities in forests below 1100 m appear in the right part of the diagram and higher altitude communities in the left one. Forest types above 1100 m in the Rif Mountains gradually follow one another in altitude, and so do their epiphytic communities, which are quite homogeneous and appear close together in the diagram. In contrast, lower altitude epiphytic communities are very heterogeneous and appear scattered along the vertical axis, from cork oak woods in the western Tingitane chain to cork oak and pine tree forests on Tazzeka Mountain. This distribution is a reflection of variation in moisture conditions among the Table 3 . Continued EPIPHYTIC BRYOPHYTES OF THE RIF AND TAZZEKA MOUNTAINS different areas studied. As a result of the study of the correspondence analysis ordination, seven types of epiphytic bryophyte communities have been described in the Rif Mountains: I, Frullania dilatata epiphytic communities in Quercus suber woods; II, Fabronia pusilla epiphytic communities in Quercus ilex woods; III, Orthotrichum tenellum epiphytic communities in Quercus suber and Pinus halepensis woods; IV, Orthotrichum lyellii epiphytic communities in Quercus suber woods; V, Orthotrichum lyellii and Antitrichia californica montane epiphytic communities; VI, Orthotrichum speciosum var. brevisetum and Pterigynandrum filiforme high altitude epiphytic communities; VII, Isothecium alopecuroides epiphytic communities in Prunus lusitanica copses.
I. Frullania dilatata communities in Quercus suber woods These are developed in Quercus suber woods in the western Tingitane chain and the Al Hoceima and Larache areas, and constitute the most heterogeneous of the groups considered. They share the constant presence of Frullania dilatata among the dominant taxa and the occurrence of several thermophilous taxa, such as Zygodon rupestris, Orthotrichum tenellum, O. lyellii, O. diaphanum and Bryum capillare, but their composition varies according to moisture conditions. Thus, the western Tingitane chain, which receives high precipitation from oceanic winds, shows the richest communities and shelters the most hygrophilous taxa. The physiognomy of tree base communities (QS2bs) in this area is determined by the pleurocarpous Scorpiurium circinatum and Cryphaea heteromalla, while that of tree trunk communities (QS2tr) is given by Frullania dilatata, Radula complanata and Cryphaea heteromalla. In addition, Orthotrichum tenellum, O. lyellii, Hypnum cupressiforme, Zygodon rupestris, Sematophyllum substrumulosum and Leptodon smithii are constant both on trunks and bases ( Table 3 ). The cork oak woods in the Larache sector are more disturbed and drier, which is reflected in a poorer epiphytic flora, especially on the tree bases. Here the epiphytic communities on both the tree bases (QS1bs) and trunks (QS1tr) contain acrocarpous mosses, such as the ubiquitous Orthotrichum diaphanum and Bryum capillare, which grow together with Zygodon rupestris and Frullania dilatata. In addition, Orthotrichum tenellum and O. lyellii are moderately abundant on tree Fabronia pusilla epiphytic communities in Quercus ilex woods; III, Orthotrichum tenellum epiphytic communities in Quercus suber and Pinus halepensis woods; IV, Orthotrichum lyellii epiphytic communities in Quercus suber woods; V, Orthotrichum lyellii and Antitrichia californica montane epiphytic communities; VI, Orthotrichum speciosum var. brevisetum and Pterigynandrum filiforme high altitude epiphytic communities; VII, Isothecium alopecuroides epiphytic communities in Prunus lusitanica copses.
trunks, in association with other taxa such as Leptodon smithii, Syntrichia laevipila, Orthotrichum affine, Homalothecium sericeum and Cryphaea heteromalla (Table 3 ). In the Al Hoceima sector, epiphytic bryophytes are scarce and have only been found on tree bases (QS5bs), where the communities are dominated by Frullania dilatata and Orthotrichum diaphanum, which grow together with Grimmia pulvinata, Homalothecium aureum, H. sericeum, Hypnum cupressiforme, Orthotrichum lyellii and O. tenellum (Table 3) .
II. Fabronia pusilla communities in Quercus ilex woods Quercus ilex woods in the Al Hoceima sector show very homogeneous epiphytic communities both on tree bases (QI2bs) and trunks (QI2tr). The physiognomy of these communities is determined by the pleurocarpous moss Fabronia pusilla, which codominates the communities with Syntrichia laevipila and Pterogonium gracile. Other constant taxa are Orthotrichum lyellii (especially abundant on tree trunks), O. diaphanum, O. tenellum, O. acuminatum, Leucodon sciuroides, Habrodon perpusillus, Antitrichia californica, Zygodon rupestris and Dialytrichia mucronata (Table 3) . Orthotrichum philibertii has only been reported from this community type and from Orthotrichum tenellum communities in Quercus suber and Pinus halepensis woods, which are described below.
III. Orthotrichum tenellum communities in Quercus suber
and Pinus halepensis woods The third group of epiphytic communities developed at low altitudes, includes those growing in Quercus suber woods on Tazzeka Mountain (QS6) and in a Pinus halepensis forest in the central Rif (PH), where epiphytic bryophytes were found only on Ulmus minor and Populus alba, since under xeric conditions Pinus halepensis bark is too acid for bryophyte colonization. The community is characterized by the presence of acrocarpous mosses, among which Orthotrichum taxa are the most abundant. Thus, this community is co-dominated by Orthotrichum tenellum and O. lyellii, which grow together with Syntrichia laevipila, Habrodon perpusillus, Orthotrichum acuminatum and O. diaphanum (the last two taxa are especially abundant on tree trunks). The presence of Orthotrichum macrocephalum is characteristic, as this drought-tolerant species is exclusive to this community in the study area, and O. philibertii has only been found in this community and in Fabronia pusilla communities in Quercus ilex woods (Table 3) .
IV. Orthotrichum lyellii communities in Quercus suber woods Quercus suber woods in the eastern Tingitane chain (QS3) and central Rif (QS4) show epiphytic communities dominated by the acrocarpous moss Orthotrichum lyellii. This grows with O. acuminatum, O. striatum, O. tenellum, O. rupestre, O. affine, Frullania dilatata, Antitrichia californica, Homalothecium sericeum, Syntrichia laevipila and Grimmia trichophylla. In addition, other pleurocarpous mosses such as Pterogonium gracile, Neckera pumila and Fabronia pusilla, characterize tree base communities, where more moisture is available (Table 3) .
V. Orthotrichum lyellii and Antitrichia californica montane communities Intermediate altitudes in the Principal chain and on Tazzeka Mountain (from 1200 to 1500 m) are characterized by different Quercus forest types, according to slope orientation and soil type (Fig. 2) . Nevertheless, all these forests show similar epiphytic communities (QI1, QI3, QF, QC and QP; Fig. 4 ). These communities are basically dominated by the acrocarpous moss Orthotrichum lyellii on tree trunks and by the pleurocarpous Antitrichia californica on tree bases. Both mosses form communities in which Orthotrichum striatum, O. rupestre, O. acuminatum and Homalothecium sericeum are also constant. In addition, Habrodon perpusillus is occasional both on tree trunks and bases, Brachythecium velutinum usually appears on tree bases, and Orthotrichum affine, O scanicum, O. speciosum var. brevisetum and Syntrichia laevipila are common on tree trunks. Leucodon sciuroides var. morensis dominates locally on Quercus canariensis bases and Metaneckera menziesii is moderately abundant on Quercus faginea bases (Table 3) .
VI. Orthotrichum speciosum var. brevisetum and Pterigynandrum filiforme high altitude communities Forests above 1500 m in the Principal chain and on Tazzeka Mountain consist mainly of coniferous trees (Fig. 2) , whose epiphytic communities have a rather homogeneous composition regardless of phorophyte type and geographic position. Thus, communities in Spanish fir (AM) and cedar woods in the eastern Tingitane chain (CA1), cedar woods in central Rif (CA2) and cedar woods on Tazzeka Mountain (CA3) appear grouped in Fig. 4 . The communities are dominated by the acrocarpous moss Orthotrichum lyellii. Nevertheless, the most characteristic species of these communities are Orthotrichum speciosum var. brevisetum and Pterigynandrum filiforme, orophilous taxa which thrive in mountainous regions and here co-dominate with Orthotrichum lyellii, O. striatum and O. rupestre. In addition, Orthotrichum affine, O. acuminatum, Frullania dilatata and Homalothecium sericeum are common and locally abundant, and Brachythecium velutinum usually appears on tree bases. Some taxa stand out because of their local importance (Table 3) , such as Orthotrichum pallens on trunks in cedar woods on Tazzeka Mountain, Antitrichia californica on Spanish fir bases in the Tingitane chain and Brachythecium dieckii on bases in cedar woods in central Rif.
VII. Isothecium alopecuroides communities in Prunus lusitanica copses Prunus lusitanica forms copses along watercourses in the cedar wood environment. Their epiphytic communities (PL) are similar to those in the surrounding cedar woods, although their microclimatic conditions allow the development of some hygrophilous taxa such as Isothecium alopecuroides or Neckera pumila. These communities contain different pleurocarpous mosses, among which Isothecium alopecuroides is the most important on tree bases, while Neckera pumila and Pterigynandrum filiforme dominate on tree trunks. In addition, Hypnum cupressiforme, Homalothecium sericeum, Orthotrichum lyellii, O. rupestre, O. affine and Radula complanata are constant. Finally, Orthotrichum acuminatum, Sematophyllum substrumulosum and Zygodon rupestris are usually present both on tree trunks and bases, Orthotrichum striatum is frequent on tree trunks and Brachythecium velutinum and Leptodon smithii are common on tree bases (Table 3) .
DISCUSSION
Epiphytic bryophyte development is usually dependent on moisture conditions and the state of preservation of native forests (Smith, 1982; Bates, 2000) . In the Rif Mountains, the Tingitane chain, the central Rif and Tazzeka Mountain possess the best preserved forests and experience high moisture conditions. By contrast, the Larache sector is a flat area mainly dedicated to agriculture and without well preserved forests. Humidity decreases to the east, leading to a progressive impoverishment in the epiphytic bryophyte flora in Al Hoceima and, finally, to the absence of epiphytic bryophytes in the Kert sector. The variety of climatic conditions and forest types favours the presence of several types of bryophytic communities. In the most favourable areas, these communities are determined by taxon preferences for a specific altitudinal stage: communities in the forests at high altitude in the Principal chain and Tazzeka Mountain (above 1500 m) are dominated by Pterigynandrum filiforme on tree bases and by Orthotrichum speciosum var. brevisetum on trunks, while Antitrichia californica and O. lyellii are typical of montane epiphytic communities in the same areas (from 1200 to 1500 m). Epiphytic communities in woods at lower altitudes are more variable, according to moisture conditions and the extent of forest preservation. Thus, Quercus suber woods in the humid western Tingitane chain shelter very rich communities, while the same forest type in the degraded Larache and Al Hoceima sectors supports very poor communities dominated by ubiquitous taxa. Community composition also varies according to microclimatic conditions, which explains the differences among the epiphytic communities in Prunus lusitanica copses, characterized by the presence of hygrophilous taxa such as Isothecium alopecuroides or Neckera pumila, from those in the surrounding Cedrus atlantica woods.
Some of the epiphytic communities described in the Rif Mountains appear to be closely related to those previously reported from areas of similar ecological conditions on the Iberian Peninsula: Frullania dilatata epiphytic communities in Quercus suber woods are similar to the ones that grow on Quercus canariensis and Q. suber in the opposite mountains of Algeciras (Cadiz province), in the south of the Iberian Peninsula (Gil & Guerra, 1981) , while the Orthotrichum lyellii and Antitrichia californica community described in the Rif Mountains at intermediate altitudes is similar to that developing on Quercus suber and Q. ilex ssp. ballota in the Sierra de las Nieves, in the south of the Iberian Peninsula (Guerra, 1982) , and on Quercus pyrenaica in the Spanish central range (Lara & Mazimpaka, 1994; . Finally, epiphytic Orthotrichum speciosum var. brevisetum and Pterigynandrum filiforme communities described in the Rif Mountains at the highest altitudes are similar to those described by Guerra (1982) on Abies pinsapo Boiss. and Quercus faginea in the Sierra de las Nieves, in the south of Spain.
Nevertheless, the communities in the Rif Mountains present some original characteristics related both to the decreasing latitude and to the higher Atlantic influence, especially in the western part of the Rif Mountains. The former implies an increase in altitude of the different forest types and a consequent higher presence of orophilous taxa in the epiphytic communities, while the latter involves more oceanic taxa presence. As an example, intermediate altitude communities in the Rif seem to be more related to those in the Gredos Mountains, which are the most exposed in the Spanish central range to the oceanic influence in winter, and where species like Orthotrichum acuminatum and Antitrichia californica find their ecological optimum . The Atlantic influence is still stronger in the Rif range and some drought-tolerant species that are constant in the Gredos range, such as Orthotrichum tenellum or O. ibericum rarely appear in the Rif Mountains, while other taxa like Metaneckera menziesii or Orthotrichum scanicum that are locally abundant in the study area, do not grow in the Spanish central range. Epiphytic communities on Prunus lusitanica are another interesting case: in the Iberian Peninsula two main groups of epiphytic communities appear, one in the northern forests under Atlantic influence and the other in the inner forests in the Mediterranean region (Calleja et al., 2001) . Isothecium alopecuroides communities in the Rif Mountains seem to be more related to those described in the Mediterranean region, because both areas are subject to humid microclimates which favour a common floristic composition of their epiphytic communities, and are different from those in the surrounding forests. Nevertheless, the higher altitude of the Prunus lusitanica forests in the Rif Mountains implies differences among the dominant taxa in both epiphytic communities: the communities in the Iberian Mediterranean forests are dominated by taxa with oceanic preferences, such as Metzgeria furcata and Frullania dilatata, while the Rif forests are dominated by Isothecium alopecuroides on tree bases and Neckera pumila and Pterigynandrum filiforme on trunks, subboreal taxa which also dominate or co-dominate the epiphytic communities of the northern forests of the Iberian Peninsula.
Finally, dry conditions appear to determine epiphytic communities, both in the eastern part of the Rif Mountains and in the most disturbed forests at low altitudes, which is reflected in the presence of xerophilous and nitrophilous taxa such as Orthotrichum diaphanum and Syntrichia laevipila.
TAXONOMIC ADDITIONS and CHANGES: Nil.
